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Abstract
 .The relationship between obese ob gene expression and preadipocyte differentiation was examined in primary cultures
 .of porcine stromal-vascular S-V cells by Northern-blot analysis using a pig ob cDNA probe. Isolated adipocytes expressed
 .high levels of ob gene, but S-V cells did not express the ob gene. Cultures were seeded with fetal bovine serum FBS plus
 .  .dexamethasone Dex for 3 days followed by ITS insulin 5 mgrml, transferrin 5 mgrml, and selenium 5 ngrml treatment
for 6 days. Detectable levels of ob mRNA first appeared at day 1 with very low activity of glycerol phosphate
 .dehydrogenase GPDH . Levels of ob mRNA increased in parallel with preadipocyte number or GPDH activity at the later
times in cultures. The depletion of preadipocytes by complement-mediated cytotoxicity at day 3 of culture resulted in
markedly decreased ob mRNA expression. Immunocytochemical analysis showed that ob protein was localized in the
cytosol of preadipocytes and adipocytes. These data indicated that the ob gene is expressed by preadipocytes and ob gene
expression may be correlated with preadipocyte recruitment as well as fat cell size. q 1997 Elsevier Science B.V.
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1. Introduction
The obrob mouse is an obese phenotype caused
by a single gene mutation which is characterized by
hyperinsulinemia, hyperglucocorticoidemia, hyper-
w xglycemia and hyperphagia 1–3 . Parabiotic animal
experiments suggested that lack of a blood-borne
factor may be the cause of severe obesity in obrob
w xmice 4 . Recently, Friedman’s research team cloned
) Corresponding author. Fax: q1 706 5463585.
the mouse ob gene, and showed that the ob gene is
w xexpressed exclusively in adipose tissue 5 . Studies
from three research teams reported that the ob gene
product, named leptin, causes a reduction in food
intake and body weight when injected into either
w xobrob or wild type mice 6–8 . Leptin may control
body fat mass by interacting with the hypothalamus
to decrease food intake andror increase energy ex-
w xpenditure 3,5 . Ob gene expression is up-regulated
with an increase of body mass index in obese and
w xnon-obese animals 9–11 . Studies in humans also
indicate that serum leptin concentrations are higher in
0167-4889r97r$17.00 q 1997 Elsevier Science B.V. All rights reserved.
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obese subjects than in normal weight subjects and
w xproportional to the percentage of body fat 12 .
Adipose tissue consists of several types of cells
 .including stromal-vascular S-V cells which are able
to differentiate into adipocytes under adequate stimu-
lation by adipogenic factors. Therefore, the purpose
of the present study was to determine if and when the
ob gene is expressed during adipocyte differentiation
by using early and late differentiation markers.
2. Materials and methods
2.1. Cell culture procedures
Dorsal subcutaneous adipose tissue of 5–7-day-old
pigs was aseptically removed and mature adipocytes
and S-V cells were obtained after collagenase diges-
tion for RNA extraction or S-V cell cultures were
w xestablished as previously described 13,14 . For time
course studies, cultures were initiated in DMEMrF12
Ham’s medium supplemented with 10% FBS plus 80
nM Dex or 10% FBS alone. After 3 days, all cultures
were switched to serum-free media containing ITS.
At designated times, cells from two to three flasks
were used for total RNA extraction and cells from 5
dishes were either used for determination of
preadipocyte recruitment and late differentiation or
ob immunocytochemistry. The recruitment assay in-
volves immunocytochemistry with the AD-3 antibody
which recognizes a protein on the surface of
w xpreadipocytes; details have been published 15 . The
late differentiation markers included GPDH enzyme
activity and oil-red O staining as described previ-
w xously 16,17 .
2.2. Preparation of ob cDNA riboprobe
Pig ob 3X cDNA fragment flanked with cohesive
EcoRI sites was kindly provided by Dr. Timothy
 .Ramsey Pennington BioMed. Res. CTR. . To estab-
lish a riboprobe, the fragment was cloned into pBlue-
script II SK- and sequence analysis was done to
confirm the orientation and sequence. Riboprobe was
produced by T7 RNA polymerase in the presence of
w32 xP CTP.
2.3. RNA extraction and Northern-blotting
Total RNA was isolated using Trizol reagent
 .Gibco BRL from cultures at the indicated times. 40
mg samples were denatured at 658C for 10 min and
separated by gel electrophoresis in a 1.0% agarose
containing formaldehyde. RNA was then transferred
by capillary transfer to a positive charged nylon
 .membrane Boehringer Mannheim . Membranes were
hybridized with radiolabeled riboprobe of a pig ob
cDNA and washed. Membranes were exposed to
Kodak X-ray film at y808C for 3–5 days. Mem-
branes were stripped of radioactivity and rehy-
bridized with a 32P-labeled 18S ribosomal RNA
probe. Autoradiographs were quantified by image
analysis. The abundance of leptin mRNA was ex-
pressed relative to that of 18S as a percentage of the
controls.
2.4. Immunocytochemistry
Anti-ob protein monoclonal antibody was supplied
 .by ZymoGenetics, Inc. Seattle, WA . At the indi-
cated times, cultures were fixed in 4% paraformal-
 .dehyde–0.1 M sodium phosphate pH 7.4 for 30 min
at 48C, rinsed twice with PBS and permeabilized with
0.3% Triton X-100 for 15 min, and stained with
anti-ob protein monoclonal antibody using an Extra-
 .vidin Peroxidase Staining Kit Sigma Chemical Co. .
The specificity of ob protein immunocytochemical
reactions was verified by using primary antibody
preabsorbed overnight with 100-fold excess of ob
protein; an unrelated anti-Golgi monoclonal pig anti-
body was also used as a control.
2.5. GPDH acti˝ity
Cultured cells were rinsed 4 times with
DMEMrF12 Ham’s medium and then harvested into
1 ml of an ice-cold buffer containing 0.25 M sucrose,
1 mM EDTA, 5 mM Tris-base and 1 mM dithio-
threitol at pH 7.4. Harvested cells were put through
several freeze–thaw cycles and then centrifuged at
12 500=g for 5 min at 48C in Eppendorf tubes. The
supernatant fraction was used for analysis of GPDH
w xas described previously 16 . Cytosolic protein con-
centrations of supernatant were determined according
 .to Bio-Rad Protein Assay Bio-Rad Laboratories .
Enzyme activity was expressed as nanomoles of
NADH consumed per minute per milligram protein.
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2.6. Complement mediated cytotoxicity
Complement mediated cytotoxicity was used to
 .deplete S-V cultures of preadipocytes AD-3 cells as
w xdescribed previously 18 . After 48 h with FBSqDex,
cultures were incubated with a pool of six mono-
clonal antibodies SC3, IC3, JC3, GC6, AB3, and
.EA4 at a final dilution of 1:500 of each monoclonal
antibody for 45 min, and then incubated with rabbit
 .complement Sigma Chemical Co. at a dilution of
1:20 for 24 h. Dishes were stained with AD-3 mono-
clonal antibody to verify the efficiency of cytotoxic-
ity. Cells in flasks were used for RNA isolation.
3. Results
3.1. Expression of ob mRNA in mature adipocytes
and stromal-˝ascular cells
Total RNA was extracted from isolated adipocytes
and S-V cells of 7-day-old pigs, and Northern-blot
analysis was performed with a pig ob cDNA probe.
Isolated S-V cells did not express ob mRNA while
isolated adipocytes expressed ob mRNA at high lev-
 .els Fig. 1 . The pig ob mRNA transcript is below the
28S ribosomal RNA marker and estimated to be
;4.5 kb.
Fig. 1. Expression of ob mRNA in mature adipocytes and
 .stromal-vascular cells. Total RNAs 40 mg of isolated adipocytes
 .  .a and S-V cells b from subcutaneous fat tissue of a 7-day-old
pig were hybridized with the pig ob cDNA probe. The same
membranes were stripped of radioactivity and rehybridized with a
32P-labeled 18S ribosomal RNA probe. Ob mRNA and 18S
RNAs are shown as indicated. These results are representive of
two experiments.
Fig. 2. Time course of ob mRNA expression in pig S-V cultures
during preadipocyte differentiation. Pig ob cDNA probe was
hybridized with 40 mg of total RNAs isolated from pig S-V
 .  .cultures after FBSqDex days 0–1 a , FBSqDex days 0–2 b ,
 .  .FBSqDex days 0–3 c , FBSqDex days 0–3; ITS days 4–6 d ,
 .  .FBSqDex days 0–3; ITS days 4–9 e , FBS days 0–3 f , and
 .FBS days 0–3; ITS days 4–9 g . The stripped membranes were
rehybridized with human 18S ribosomal RNA probe. Ob mRNA
and 18S ribosomal RNAs are shown at the indicated positions
 .A . Percentage of ob mRNA abundance relative to 18S riboso-
mal RNA by laser densitometry was normalized to the maximal
level of expression in each individual experiment. The results
 .representive of three to four experiments are shown B .
3.2. Time course of ob mRNA expression during
preadipocyte differentiation
S-V cells were treated with FBSqDex or FBS
alone for 3 days, and then switched to serum-free
medium for an additional 6 days. Ob mRNA expres-
sion during preadipocyte differentiation is shown in
Fig. 2A. Quantitation of ob mRNA accumulation by
laser densitometry is presented in Fig. 2B. In Dex-
treated cultures, ob mRNA first appears at day 1 and
dramatically increases by days 2 and 3. After cultures
were switched to ITS for 24 h, levels of ob mRNA
decreased but increased again as the cells terminally
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Fig. 3. The proportion of AD-3 reactive cells during the first 3
days of culture. Pig S-V cells were seeded in 10% FBSqDex or
10% FBS alone for 3 days. At days 1, 2 and 3, five culture dishes
of each treatment were stained with AD-3 monoclonal antibody
using an Extravidin Peroxidase Staining Kit. AD-3 reactive cells
were counted in three 10= microscope fields from each dish.
The results represent means"SEM of three experiments. Means
 .with different superscripts are significantly different P -0.05 .
Fig. 4. GPDH activities at different periods of S-V culture. Pig
S-V cells were seeded in 10% FBSqDex or 10% FBS alone for
3 days, and then switched to ITS for 5 days. At the indicated
times, five culture dishes were used for GPDH determination.
The results represent mean"SEM of three experiments. Means
 .with different superscripts are significantly different P -0.05 .
differentiated by day 9. In contrast, cultures without
Dex expressed significantly lower levels of ob mRNA
at days 3 and 9.
3.3. Expression of an early differentiation marker
during the first 3 days of culture
Induction of ob gene expression was compared to
expression of the AD-3 antigen, an early marker of
preadipocyte differentiation. In cultures treated with
FBS plus Dex, the percentage of AD-3-positive cells
dramatically increased from day 1 to day 3 and
 .  .Fig. 5. Ob protein staining of preadipocytes A and fat cells B .
Pig S-V cells were treated with FBSqDex for 3 days and ITS for
6 days. At days 3 and day 9, cells were stained with an anti-ob
protein monoclonal antibody using an Extravidin Peroxidase
Staining Kit followed by counter staining. Arrows indicate ob
 .  .protein positive preadipocytes A and adipocytes B . Magnifica-
tion A, =400; B, =160.
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reached the highest level by day 3. Compared with
FBSqDex, treatment with FBS produced a signifi-
cantly lower proportion of AD-3 positive cells Fig.
.3 . Additionally 6 days of ITS treatment following
FBSqDex results in a very high proportion of
adipocytes, while ITS treatment after FBS produced a
 .very low proportion of adipocytes data not shown .
3.4. GPDH specific acti˝ity
GPDH specific activities are shown in Fig. 4.
GPDH activities were very low in cultures with or
without Dex treatment during the first 3 days. How-
ever, after day 3 GPDH activity markedly increased
and reached the maximal levels by day 9. In addition,
GPDH was significantly higher in day 9 cultures
treated with Dex compared to cultures without Dex.
3.5. Immunocytochemical localization of ob protein
Fig. 5 shows that ob protein immunoreactivity was
detected in the cytosol of cells; immunoreactivity was
decreased after preabsorbing the ob antibody not
.shown . Reactivity was observed in both fully differ-
entiated cells and cells with little or no lipid Fig. 5A
.arrow . The proportion of ob protein positive cells
was similar to that of AD-3 cells at day 3 data not
Fig. 6. Ob mRNA expression in pig S-V cultures after the
depletion of AD-3 cells. After incubation with FBSqDex for 48
h, pig S-V cultures were treated with a pool of six anti-preadipo-
cyte monoclonal antibodies and rabbit complement for 24 h. At
 .day 3, total RNAs were isolated from cultures with a or without
 .b complement mediated cytotoxicity. Forty mg of total RNAs
were hybridized with pig ob cDNA probe. The same stripped
membranes were then rehybridized with human 18S ribosomal
RNA. Ob mRNA and 18S ribosomal RNAs are shown. The
results are representive of two experiments.
.shown . After anti-Golgi staining reactivity was ob-
served in all cells and the pattern of staining was
 .distinct from ob protein staining data not shown .
3.6. Ob mRNA expression after remo˝al of AD-3
reacti˝e cells
To determine if the ob gene and the AD-3 antigen
were expressed in the same cells, complement-media-
ted cytotoxicity a pool of six anti-preadipocyte mon-
.oclonal antibodies and complement was used to
remove AD-3 cells from cultures after 48 h in FBSq
Dex. Northern-blot analysis showed that ob mRNA
expression markedly decreased in cultures after the
removal of AD-3 cells compared to the controls Fig.
.6 .
4. Discussion
Obesity is the result of adipose cell hypertrophy
and hyperplasia. Studies in rats and humans demon-
strated that with nutritional stimuli diet-induced
adipocyte number increase can take place throughout
w xlife 19–22 . The increase in cell number is not the
result of filling of previously developed cells, but
occurs by recruitment of adipocyte precursors present
w xin adipose tissue 23 . Recent studies showed that ob
mRNA was expressed in S-V cells isolated from
obese rats, but not in S-V cells from standard and
w xlean rats 24 , suggesting that excess preadipocyte
recruitment from S-V cells of obese rats may result in
upregulation of ob gene expression. In the present
study, the AD-3 monoclonal antibody was used as an
early differentiation marker to detect changes in
preadipocyte recruitment. AD-3 is a monoclonal
anti-adipocyte antibody which has been produced in
this lab and recognizes cell surface antigenic determi-
w xnants 25 . Cells exhibiting AD-3 immunoreactivity
are detectable in fetal tissues and S-V cultures prior
to the appearance of cells containing detectable lipid
w x15,25,26 . The expression of AD-3 antigen is differ-
entially regulated during adipocyte differentiation in
S-V cultures. For instance, the number of cells ex-
pressing the AD-3 antigen increases over time con-
comitant with increasing frequency of adipocyte dif-
w xferentiation 27 . Also differential effects of several
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factors on AD-3 expression by preadipocytes were
demonstrated. TGF-b and TNF-a , both known in-
hibitors of lipid deposition by preadipocytes, sup-
pressed AD-3 antigen expression and terminal differ-
w xentiation 27 . Dex, an inducer of preadipocyte re-
cruitment, increases AD-3 antigen expression in a
w xtime- and dose-dependent manner 28–30 .
In the present study, a potential link between
Dex-induced changes in preadipocyte numbers AD-3
.positive cells and alterations in ob gene expression
was examined. The results herein demonstrated for
the first time that ob mRNA was expressed in
preadipocytes with little or no lipid and ob mRNA
levels were correlated with the number of
 .preadipocytes AD-3 cells in primary S-V cultures.
For example, ob mRNA was first detected at day 1 of
culture with FBSqDex when GPDH activity was
very low and lipid droplets were not detected. The
percentage of AD-3 cells dramatically increased after
day 1 and reached peak levels at day 3, while ob
mRNA expression increased similarly with time. In
contrast, ob mRNA was not expressed by undifferen-
tiated S-V cells. Cultures treated with FBS for 3 days
followed by ITS for 6 days expressed very low levels
of ob mRNA and contained a very low proportion of
preadipocytes at day 3 and fat cells at day 9. These
results suggested that ob gene expression may be
differentiation-dependent and the expression of ob
mRNA may be increased or decreased depending on
the recruitment of preadipocytes during the early
stages of adipogenesis. This contention was sup-
ported by immunocytochemical analysis of ob protein
and examination of ob mRNA expression in cultures
 .depleted of preadipocytes AD-3 cells . Staining for
ob protein at days 3 and 9 showed that ob protein
was localized in preadipocytes with little or no lipid
and adipocytes. The proportion of cells stained for ob
protein was similar to the proportion of AD-3 posi-
tive cells at day 3. We used monoclonal antibody-
mediated cytotoxicity to deplete S-V cultures of
w xpreadipocytes 18,30 and showed that ob mRNA
expression was markedly decreased after depletion of
AD-3 cells in day 3 cultures. This indicated indirectly
that the AD-3 antigen and ob gene were expressed by
the same cells and the ob gene is expressed at least
not earlier than AD-3 antigen. Therefore, the ob gene
may be turned on after S-V cells are induced to
differentiate into preadipocytes. During the conver-
sion of preadipocytes into adipocytes, i.e. from day 4
to day 9 of cultures, ob mRNA expression parallelled
GPDH activity and fat cell size. This was consistent
w xwith other published results from cell line studies 31
and unpublished results from rat primary cultures of
w xS-V cells 32 .
In summary, the results of this study demonstrate
that the ob gene is expressed by preadipocytes and
adipocytes in pig S-V cultures. Ob mRNA expression
is differentiation-dependent and changes in ob mRNA
expression were correlated with alterations of
preadipocyte recruitment or adipocyte size, support-
ing the suggestion that ob protein may act as a
negative feedback regulator of adipogenesis to limit
uncontrolled expansion of adipose cell size and num-
ber in adipose tissue.
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